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Abstract 

Using semiclassical approximation we consider parity nonconservation (PNC) 
averaged over compound resonances. We demonstrate that the result of 
the averaging crucially depends on the properties of residual strong nucleon- 
nucleon interaction. Natural way to elucidate this problem is to investigate 
experimentally PNC spin rotation with nonmonachromatic neutron beam: 
E ~ IS.E ~ IMeV. Value of the effect can reach ip ~ 10~^ — 10"'' per mean 
free path. 
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Enhancement of parity nonconservation (PNC) in neutron scattering near compound 
resonances was predicted in 1980 and first observed experimentally in Dubna in 1981 0] 
for lowest p-wave resonance in ^^^Sn. During next decade the effect was observed in several 
more resonances in different nuclei. The magnitudes of the effect were in brilliant agreement 
with statistical theory (for review of theory see articles New development arose 

in 1990-1991 with appearance of Los Alamos data for ^ss-y ]^ ^-^^^ especially for ^^^Th Q 
(also see paper [0). Number of resonances where the effect was observed became big, and it 
was clear that average value of the effect was not equal to zero, contrary to the expectation 
of the statistical theory. There have been several theoretical works devoted to this problem 
(for a review see Ref. [Q), but situation remains unclear. 

Let us first consider possible scenarios for for the resolution of the problem. 1) Nonzero 
average is just a statistical fluctuation, because number of resonances where the effect has 
been observed is still not very big. 2) There is some gross structure in the effect: nonzero 
average over interval e which is much bigger than distance between resonances and much 
smaller than 1 MeV (D < e < AE ~ IMeV). But the average over interval AE ~ IMeV 
is still zero or at least very small. 3) Nonzero average over AE ~ IMeV. 

First possibility can not be ruled out, but even if present value is a fluctuation there is a 
question about expected average value. Existence of gross structure would mean that there 
are some intermediate states of opposite parity separated by the interval e. This relatively 
small interval can work only if it is bigger than the width of corresponding states. However 
the spread widths of any known intermediate state Tspr ~ IMeV, and this probably kills the 
gross structure scenario. In the present work we consider third scenario: Nonzero average 
over interval AE ~ Tspr ~ IMeV. It will be important for us that only elastic channel is 
open [(n, 7) can be neglected anyway] . This is why AE should not be bigger than 1 MeV. 

Thus let us consider scattering of a neutron with energy E ~ AE ~ IMeV. Certainly at 
this energy there is no kinematic enhancement of PNC effect because kR ~ 1 (/c = y/2mE 
and R is radius of the nucleus). But this is irrelevant to the problem of averaging because 
the kinematic enhancement at small energy is due just to trivial suppression of an incident 
neutron wave function by centrifugal barrier. 

At ~ IMeV the width of each particular compound resonance Fc is of the order of 
distance between the resonances F^ ~ -D. Therefore an averaging over the resonances is 
equivalent to the averaging over continuous energy. Due to Heisenberg uncertainty relation 
AE ■ At ~ 1 we can replace the averaging over energy interval AE by consideration of a wave 
packet localized in time with uncertainty At ~ 1/MeV. This is equivalent to semi classical 
approximation. Certainly at -E ~ AE ~ IMeV semiclassical parameter is not very good: 
2R/vAt ~ kR ~ 1, but still it is reasonable. So instead of energy representation we intend 
to consider space-time picture of the scattering. 

An effective Hamiltonian of a nucleon weak interaction with nucleus is of the form 

Hw = ^a— 2— {cxp, p(r)} ^ 9a-^(rp. (1) 
2v2m v2m 

Here G ~ 10~^/m^ is Fermi constant, m, p, a - mass, momentum and spin of the nucleon. 
p is nuclear density (/ pdV = A) which is taken to be constant. Qa is effective constant of 
the weak interaction: \gn\ < 1, (^p ~ 5 (see e.g. Refs. @J^). 
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Let us first consider "direct" or "potential" process when neutron passes nucleus without 
excitation of other nucleons. Angle of the neutron spin rotation is equal to the phase 
difference between positive and negative helicity neutrons 



ij = p+d- p_d = J2m{U + Wn) - j2m{U -Wn)]d (2) 



Here U ~ AOMeV is value of the nuclear potential, and Wn = gnGpp/y/2m = QnGp^U /m 
is weak interaction. Assuming that d R = r^A^^^ we find from 

^ ~ V2gnRGp = ^^"^10"'^ ^ 9nl^~'- (3) 

Per mean free pass each neutron passes in average one nucleus. It means that above esti- 
mation corresponds to the neutron mean free path. 

During passage of nucleus the neutron can excite other nucleons and hence produce the 
cascade. Probability of this process is about 1, because at spread width Vspr ~ "iMeV 
mean free path of a neutron in nuclear matter is of the order of nuclear size: 1/2R ~ 



2U/m/2VsprR ~ 1-5 The nucleons excited in the cascade can not get out of nucleus 
because energy of each particular nucleons is not enough to escape. So nucleons are trapped. 
If nucleus would be an infinite system the cascade would never inverted due to second law 
of thermodynamics. However nucleus is finite with finite density of spectrum, therefore the 
cascade is inverted after quantum time r ~ 1/-D, and neutron escapes. Ratio of the neutron 
life time in this quantum trap to the time of free pass is 



2DR 2DraA^I3 D ^ ' 

This is exactly the parameter which involves in the compound resonance theory [Q]. 

Life time in the trap can enter into some physical effects. For example let us imaging 
some magnetic field inside nucleus and assume that nuclear forces are spin independent. 
Then Faraday rotation of the spin of the trapped neutron is /inTir, and this is by N times 
bigger than the Faraday rotation in the "potential" process. (One can easily come to the 
same conclusion using perturbation theory and compound-resonance representation). 

We are interested in the weak interaction (|l|) which is proportional to ap. Let us assume 
first that nuclear forces (residual interaction, as well as selfconsistent potential) are spin 
independent. In this situation spin is separated from orbital motion, and average value 
of the momentum p in cascade corresponds to free passage. However, due to the charge 
exchange forces, the cascade protons also contribute into spin rotation, and estimation (^ 
should be replaced by 

ij ~ gplQ-^ ~ 0.510"^ (5) 

Let us assume now that helicity of the particle is conserved in the nuclear scattering. The 
examples of such conservation are well known. It is enough to recall that in quantum 
electrodynamics at high energy scattering the helicity of an electron is conserved. With 
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the assumption about helicity conservation we come to the estimation of the neutron spin 
rotation ip ~ A^^fplO"^ ~ gp. It certainly is not reahstic. Hehcity in the cascade is not 
conserved exactly. Let us denote by the time of memory about initial helicity. Then we 
get the following estimation of the angle of neutron spin rotation. 

^ ~ ^gplO-'. (6) 

Here Tf ~ 2R/v is the time of free passage of nucleus. To fit experimental data we need 
Tm/Tf ~ 10 (One should not forget about kinematic enhancement ~ 1/kR ~ 5 ■ 10^ for low 
energy data We would like to note that the considered picture is somewhat similar 

to the "quasielastic mechanism" suggested in Ref. (see also Ref. |]TT|). However it is 
probably impossible to derive semiclassical result basing on perturbation theory used in 
Refs. 00 • 

After first step of the cascade we have three quasiparticles in the system. So each 
quasiparticle has in average 1/3 of the initial excitation energy. According to standard 
Landau estimation, the spread width of quiasiparticle is proportional to oc E"^. Therefore 
r'spr ~ (l/3)^rspr ~ O.SMeV. It means that each of these quasiparticles lives long enough 
before decay into more complicated configurations, and in first approximation we can forget 
about this decay (cf. with Ref. [|lll)) but basically it should be included as well. To avoid 



misunderstanding we stress that T'^^j. is the spread width of qusiparticle. The spread width of 
configuration is 3 times bigger. There is a bunch of classical trajectories in nuclear potential 
along which the helicity is conserved. However to simulate the cascade one needs also to 
know the spin-isospin structure of the residual strong interaction. Unfortunately, existing 



parametrizations |I2| are not very reliable. Nevertheless one can try to do Monte Carlo 
simulations of the cascade. We can move in opposite direction and consider the experimental 
data ||^-|^ as a direct measurement of the memory time: Tm/r/ ~ 10. In this case we can 
expect the angle of neutron spin rotation per mean free pass of nonmonochromatic beam 
[AE ~ IMeV) to he ip ^ 10~^. The discussed effect is independent of nucleus and in this 
sense it is regular, but still it is related to the complex structure of the cascade and sign of 
the effect is not obvious. 

In the present paper we have considered semiclassical picture of the neutron spin rotation 
caused by parity nonconserving weak interaction. We demonstrated that the calculation 
can be reduced to Monte Carlo simulation of the cascade which is much simpler than an 
exact quantum calculation for compound states. The semiclassical picture is equivalent to 
the averaging of the effect over energy interval AE ~ IMeV. This can be investigated 
experimentally with nonmonochromatic neutron beam. We demonstrated that the angle of 
rotation can reach ip ~ 10^^ — 10"'' per mean free path. The upper estimation {ip ~ 10^^) 
is based on experimental data 1^-0] when we treat them as a measurement of r^. 
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